Prospectively assess the incidence of deep venous thrombosis (DVT) using Doppler Ultrasound, in patients receiving elective hip arthroscopy without pharmacologic/mechanical prophylaxis. One hundred and fifteen consecutive patients (mean 35.4 years, SD ¼ 10.3) underwent elective hip arthroscopy. Patients with previous major risk factors for DVT were excluded. Signs/symptoms of DVT/pulmonary embolism were assessed at 2-week post-operatively. A bilateral whole leg Duplex color (Doppler) Ultrasonography was scheduled between 10-and 22-day post-op. The primary outcome was frequency of DVT. Secondary outcomes assessed surgical risk factors. One hundred and ten patients (mean ¼ 34.3 years, SD ¼ 10
INTRODUCTION
Hip arthroscopy has been used to treat various disorders of the hip including labral pathology, femoro-acetabular impingement and early arthritis. There have been several reports of thromboembolic events in both elective and urgent hip arthroscopy procedures [1] [2] [3] . Published reviews of hip arthroscopic procedures have identified deep venous thrombosis (DVT) and pulmonary embolism (PE) as recognized complications [4] [5] [6] [7] . Retrospective case series and database studies have reported the incidence of DVT and PE ranging from 0% to 3.7% [8] [9] [10] [11] . There has been one retrospective study that specifically attempted to identify DVT and PE as part of a quality assurance protocol [12] . This study examined for DVTs using Doppler V C The Author 2016. Published by Oxford University Press. This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/ by-nc/4.0/), which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited. For commercial re-use, please contact journals.permissions@oup.com ultrasound in 58% of a cohort of 139 patients. They identified two symptomatic thromboembolic events (one DVT and one PE). However, this study was unable to identify the true incidence of asymptomatic DVT due to an underreporting bias, since not all patients were investigated [12] . Studies looking at the risk of thrombosis in lower risk procedures, such as knee arthroscopy, show a 0.6-17.9% rate of DVT [13] [14] [15] [16] . A comparison of the number needed to treat for a symptomatic thromboembolic event versus the number needed to harm for the routine use of pharmacologic prophylaxis showed more risk than benefit [16] . In a randomized clinical trial, the efficacy of aspirin for postoperative pharmacologic prophylaxis in a low-risk population undergoing knee arthroscopy identified no cases of venous thromboembolism in either the treatment or control groups [17] . This literature demonstrates that routine pharmacologic prophylaxis for lower risk procedures may not be warranted.
The decision whether to provide mechanical or chemical methods of thromboprophylaxis depends on the riskbenefit analysis for individual patients. In order to determine this, one must know the rate of thromboembolic events in the patient population. The primary objective of this study was to determine the rate of deep vein thrombosis in patients with no known risk factors for thromboembolic events, undergoing elective hip arthroscopy. The secondary objectives were to explore whether or not any surgical factors (traction time, peripheral compartment arthroscopy, bony surgery such as for CAM and pincer impingement, microfracture or labral repair) were associated with a higher rate of thromboembolic events.
MATERIALS AND METHODS
This study was approved by the University of Calgary Conjoint Health Research Ethics Board. Subjects for this prospective cohort study were recruited from two surgeons' practices at the University of Calgary Sport Medicine Centre and the Alberta Hip and Knee Clinic in Calgary, Alberta, Canada. Consecutive patients aged over 18 years, undergoing elective hip arthroscopy and willing to participate in the study were recruited. Patients were considered not eligible if they could not effectively communicate in English, were involved in litigation for the injury or were receiving third party compensation, had an acute fracture, dislocation or septic arthritis, prior surgery on the same hip, drug addiction or had underlying risk for thromboembolic events. These risks included a prior thromboembolic event, known genetic/familial thrombophilia, active malignancy and circumstances where the patients had planned extended travel within 2 weeks of the index surgery [16] .
Eligible and consenting patients underwent their scheduled procedure as elective day surgery. One surgeon (NGM) performed hip arthroscopy in the supine position and the other (KJ) in the lateral position, both with the same traction device. Information regarding the patient demographics and the specifics of the procedure (Table I) were collected using standardized forms. The subjects were not given any pharmacologic or mechanical thrombo-prophylactic measures, but were encouraged to mobilize as aggressively as possible, given any restrictions imposed by the procedure. No patients were either braced or underwent continuous passive motion (CPM). Weight-bearing status was determined at the discretion of the surgeon. The subjects were informed both verbally and in written format to be vigilant for the signs and symptoms of PE and DVT and were given the appropriate measures to take should they notice any symptoms.
At a 2-week follow-up visit, subjects underwent a standardized history and physical examination, tailored to detect DVTs and PEs in addition to the routine encounter. The physical exam was based on modified Wells criteria and included localized tenderness along the distribution of the deep venous system, entire leg swelling, calf swelling >3 cm compared with the contralateral side as measured 10 cm from the tibial tubercle, pitting edema confined to the affected leg and the presence of collateral non-varicose veins [18] .
At 10-22 days after surgery, subjects were scheduled for a bilateral whole leg Duplex color ultrasonography. A radiologist evaluated the ultrasound using a dedicated protocol. All patients underwent 3-month follow-up appointments with their surgeons, where they were asked whether they had been diagnosed with a thromboembolic event since their last follow-up. All thromboembolic events were treated according to the accepted practices.
A formal a priori power and sample size calculation was performed for both statistical and practical reasons. There was limited available published data on the incidence of DVT; therefore, it was not possible to complete the calculation with definitive precision or accuracy. The best available evidence was a retrospective study that reported a DVT rate of 3.7% [19] , as well as the CHEST guidelines, which reported a DVT rate of <10% for healthy, mobile patients undergoing minor surgery [11, 20] . Thus, a midrange DVT rate of 5% was used, along with an alpha of 0.05, and power of 80%. Based on these inputs, it was determined that 98 participants would be required. Given an anticipated dropout rate of 20%, a total of 120 participants were targeted for recruitment.
In order to determine the rate of DVT in patients with no known risk factors for thromboembolic events, frequency count and percentages were computed. Descriptive univariate statistics were calculated to summarize all variables. In order to determine whether surgical factors were associated with a higher rate of thromboembolic events, Pearson cross-tabulation contingency table analyses were conducted. Specifically, Fisher's exact tests were used to compare patients with and without a DVT on all categorical risk factor variables, while independent samples t-tests or one-way ANOVA were computed for all continuous measured risk factor variables. Risk factors included: demographics, family history of DVT or blood dyscrasia, smoking status, surgical traction time and patient positioning, specific surgical procedures, post-operative weight-bearing status, mobilization and use of NSAIDs.
All results were determined to be statistically significant at P < 0.05. RESULTS One hundred and twenty subjects were consented, out of 162 eligible patients (see Fig. 1 ). Of these eligible and consenting patients, there were two patients with incomplete follow-up and three patients who were excluded intraoperatively. These three patients were deemed to have an increase risk of getting a DVT. All three patients had a labral repair and were required to be relatively immobile, in addition to having unanticipated post-operative extended travel. One hundred and fifteen patients were available for Table I shows the comparison of the demographic characteristics for those patients with and without a detected DVT. Table II describes the surgical details between the same two groups. Table III Five patients (two males, mean age 47.5 years, SD ¼ 14.8) were diagnosed with a DVT (Table IV) . Four out of the five patients (80%) presented with symptoms of a DVT. Three were diagnosed prior to the first scheduled (Table IV) . The asymptomatic patient had a DVT in the tibial and peroneal veins extending into the inferior popliteal vein. No pulmonary emboli were diagnosed or suspected out to the 3-month follow-up visit. All patients suffering a DVT had their surgery performed in the supine position. The average age was 43.8 years (SD ¼ 12.1) for patients with DVTs, and 34.5 years (SD ¼ 10.1) for those without a DVT, but this was not statistically significant. The average traction time for patients who had a DVT was 38 min (SD ¼ 4), compared with 61 min (SD ¼ 4) for those without a DVT. All other potential risk factors for thromboembolic events were similar between the two groups (see Tables I and II) .
DISCUSSION
The rate of DVT after elective hip arthroscopy as diagnosed by venous Doppler Ultrasound was 4.3%. Four DVTs resulted in patient symptoms; three of these were diagnosed when the patients sought urgent medical care, and the other was diagnosed as part of the study protocol. The last patient with a DVT was asymptomatic, diagnosed solely based on the study ultrasound and extended into the popliteal vein. None extended into the thigh or pelvis and therefore, no patients underwent a CT scan or chest MRI scans to rule out asymptomatic pulmonary emboli. Three out of the five patients were treated with anticoagulation:
Warfarin (2) and Rivaroxaban (1). One patient was treated with ASA and compression stockings and the other with homeopathic medicine and over-the-counter NSAIDs (Table IV) .
There were no statistically significant patient or surgical factors associated with the occurrence of a DVT.
Our study is the only prospective study specifically designed to determine the rate of thromboembolic disease after hip arthroscopy. The rate of 4.3% in this study is similar to that of 3.7% reported in a published retrospective study [11] . The only other study that has specifically looked for DVT in the hip arthroscopy population was part of a quality-assurance protocol in 139 patients [12] . Although retrospective by design, the intention was to evaluate all patients with Doppler Ultrasound in a similar manner to our study. Only 58% (80/139) of their series of patients completed the ultrasound examination post-operatively [12] , suggesting that there may be an underreporting bias and/or and insufficient sample size. All patients who had post-operative DVT prophylaxis were excluded, but it is not clear whether mechanical DVT prophylaxis was employed in any of the patients. Two symptomatic DVTs were identified with an incidence of 1.4% [12] . Sufficient patients were recruited in our study to meet the calculated a priori sample size, particularly since the dropout rate was much less than expected. As such, we believe our results accurately express the risk of DVT after hip arthroscopy for patients with no known risk factors for thromboembolic events.
One potential limitation to this study is that Doppler Ultrasound, rather than venography was used to diagnose DVTs [19] . The overall sensitivity for Dopper ultrasound in detecting proximal and distal DVTs in asymptomatic patients is 62% and 53%, respectively [21] . In asymptomatic patients after orthopedic surgery, the sensitivity and specificity of ultrasound for the diagnosis of DVT is 62% and 97%, respectively [18, 22] . Venography is considered the gold standard, but it is invasive, and painful for patients; and 'has never been accepted as a systematic screening tool' [23] . In a study using venography to document DVTs after knee arthroscopy, 12% of study participants refused a unilateral venogram despite already having consented to the study [13] . Thus we sought to choose a diagnostic modality that was more acceptable to patients to lessen the potential for complications from the procedure, as well as to have the most complete follow-up possible.
Another limitation is that this study was designed with sufficient power to determine the rate of DVTs in the selected patient population, but not powered to assess specific risk factors. As such, there were no statistically significant differences between the patients with and without DVTs, despite some obvious differences. All patients with a diagnosed DVT occurred in patients who had been operated by the same surgeon using the supine approach. No patients operated in the lateral position were identified with a DVT. This unexpected finding has not previously been reported. There is evidence to support decreased blood flow in the popliteal and femoral veins using Doppler Ultrasound when patients are under traction in the supine position [24] . These findings have not been evaluated in patients undergoing hip arthroscopy in the lateral position. The age of the patients with a DVT was higher than the non-DVT group, and four out of five patients had a past history of a medical co-morbidity (Table  IV) . None of these patients had active symptomatic disease. In order to examine these potential risk factors, such as patient positioning, a larger sample size would be required. A registry of hip arthroscopy would be well suited to addressing this issue, assuming that a process of surveillance for DVT was part of the registry. The same could be said of other possible risk factors, such as smoking and traction time.
This prospective study demonstrated a DVT rate of 4.3%, including one patient with a proximal/popliteal DVT, and no clinically evident pulmonary emboli. According to this most current evidence, we do not recommend providing routine pharmacologic prophylaxis after elective hip arthroscopy in patients with no pre-existing risk factors for thromboembolic events. The current practice at our institution is to encourage early mobilization, given the modest post-surgical limitations imposed. Mechanical methods of thromboprophylaxis are not currently or routinely being employed. Anti-inflammatory medication is a routine protocol to facilitate pain management, and possible prophylaxis for heterotopic ossification [25, 26] .
CONCLUSION
This study demonstrated an incidence of deep venous thromboembolism of 4.3%. The majority of patients had symptomatic and distal venous thromboembolic events. This study provides supportive evidence that routine prophylaxis and or screening may not be necessary in low risk patients undergoing elective hip arthroscopy. 
